in the pace-of-life. Previous work focused on whether 'risky' phenotypes live fast but die young, but reported conflicting support. We posit that individuals exhibiting risky phenotypes may alternatively invest heavily in early-life reproduction but consequently suffer greater reproductive senescence.
| INTRODUC TI ON
Life-history theory predicts that organisms resolve trade-offs between current and future reproduction differently depending on ecology (Saether, 1988; Stearns, 1992; Williams, 1966) . This may cause variation in life histories along a pace-of-life (POL) slow-tofast continuum (Ricklefs & Wikelski, 2002) . Comparative research demonstrated covariance ('syndrome' structure) between behavioural, physiological and life-history traits among species or populations, called a pace-of-life syndrome (POLS) (Ricklefs & Wikelski, 2002) . Current POLS studies address whether among-individual behavioural differences (aka 'personality') co-evolved with POL within populations (Dammhahn, Dingemanse, Niemelä, & Reale, 2018; Réale et al., 2010) . Research concentrates on 'risky behaviours' (e.g. aggressiveness, anti-predator boldness, exploration) that facilitate resource acquisition at the cost of reduced life span and may thus function as mediators of life-history trade-offs (Biro & Stamps, 2008 Careau, Thomas, Humphries, & Réale, 2008; Stamps, 2007; Wolf, Doorn, Leimar, & Weissing, 2007) .
Studies of within-population POLSs imply that aggressive, bold or explorative individuals exhibit a 'fast' lifestyle characterized by fast growth, early maturation, increased reproductive output per breeding attempt and a reduced life span. Adaptive theory implies such patterns result from individual variation in residual reproductive value (reviewed by Dingemanse & Wolf, 2010) : individuals with low residual reproductive values disproportionally benefit from risky behaviours because they gain reproductive benefits but lose little when such actions reduce life span (Wolf et al., 2007) . Support comes from manipulations of early-life conditions, and parental effort, demonstrating that risky behaviour is up-versus down-regulated when residual reproductive value is decreased versus increased (Bateson, Brilot, Gillespie, Monaghan, & Nettle, 2015; Nicolaus et al., 2012) . Various studies have already demonstrated that bold individuals 'live fast but die young', confirming POLS-theoretical predictions (reviewed by Réale et al., 2010; Royaute, Berdal, Hickey, & Dochtermann, 2018; Smith & Blumstein, 2008) . Other studies, by contrast, report zero or opposite relationships between risky behaviours, reproduction and life span (e.g. Nicolaus, Piault, Ubels, Tinbergen, & Dingemanse, 2016; Niemelä, Dingemanse, Alioravainen, Vainikka, & Kortet, 2013; Santostefano, Wilson, Niemelä, & Dingemanse, 2017) ; the validity of POLS concept is therefore subject to debate (Mathot & Frankenhuis, 2018; Royaute et al., 2018) .
Pace-of-life syndrome studies, however, fail to appreciate that trade-offs between current and future reproduction may, depending on ecology, be resolved in multiple ways (Montiglio, Dammhahn, Messier, & Reale, 2018) . That is, POLS research has focussed on survival costs associated with fast life histories (Royaute et al., 2018; Smith & Blumstein, 2008) , while the cost of reproduction can also be expressed by an earlier onset of reproductive senescence (Lemaitre et al., 2015) . Reproductive senescence is the age-dependent decline in reproductive performance within individuals due to deteriorating physiological and cellular functioning when older, evolved because extrinsic mortality weakens selection with increasing age (Fisher, 1930; Hamilton, 1966; Medawar, 1952; Williams, 1957) . Individuals with risky behavioural profiles (as defined above) may thus pay the costs of their fast lifestyle (increased reproductive output per breeding attempt) by reproductively senescing earlier in life. This is in line with laboratory studies showing that bold fish suffer greater oxidative stress and faster telomere attrition (Pauliny, Devlin, Johnsson, & Blomqvist, 2015) , while bold fish also have shorter telomeres in the wild (Adriaenssens, Pauliny, Blomqvist, & Johnsson, 2016) .
The hypothesized integration of reproductive senescence as part of a POLS predicts individuality in age-dependent reproduction within populations, for which ample evidence exists (e.g. Brommer, Rattiste, & Wilson, 2010; Brommer, Wilson, & Gustafsson, 2007; Evans, Gustafsson, & Sheldon, 2011) . It further predicts that fast life histories are associated with earlier reproductive senescence, as demonstrated by among-species comparisons (Jones et al., 2008) .
By contrast, few studies investigated whether among-individual differences in risky behaviour covary with age-dependent reproduction (Patrick & Weimerskirch, 2015; Réale, Martin, Coltman, Poissant, & Festa-Bianchet, 2009 ). Importantly, associations between reproduction and age result from two distinct processes (van de Pol & Verhulst, 2006) . Reproduction varies with age within individuals, first, due to age-related plasticity, and second, due to selective (dis)appearance of low-versus high-quality individuals. For example, individuals producing large clutch sizes throughout their lives ('high-quality' individuals) may also start reproducing when young, or have a long reproductive life. The hypothesized integration of risky behaviour and age-dependent reproduction posits that within-individual age-related plasticity varies among behavioural types, requiring approaches that disentangle within-from amongindividual age effects (van de Pol & Verhulst, 2006) . Similarly, risky behaviours differ among individuals (Bell, Hankison, & Laskowski, 2009; Holtmann, Lagisz, & Nakagawa, 2017) but simultaneously exhibit within-individual age-dependent plasticity (Araya-Ajoy & Brommer & Class, 2015; Class & Brommer, 2016; Fisher, David, Tregenza, & Rodriguez-Munoz, 2015; Patrick, Charmantier, & Weimerskirch, 2013) . Repeated measures are thus required to estimate relationships between individual-level behaviour and reproductive senescence while avoiding bias due to within-individual plasticity (Niemelä & Dingemanse, 2018a , 2018b .
To our knowledge, this is the first study of personality-related age dependency of reproduction that fully applies such approaches.
We tested whether individuals exhibiting risky behavioural profiles also allocated more resources to (early-life) reproduction, and whether they suffered greater reproductive senescence. We used a descriptive approach, acknowledging that experimental studies will be required to test whether personality-related allocation to early-life reproduction represents an investment causally affecting reproduction later in life. We used a longitudinal dataset with 1,209 breeding records of 813 females great tits assayed annually during the reproductive phase for their activity in a small cage (Stuber et al., 2013) . Our previous studies demonstrated that activity represents a risky behaviour, implying that it allows for an appropriate test of theory (sensu Carter, Feeney, Marshall, Cowlishaw, & Heinsohn, 2013; Houle, Pelabon, Wagner, & Hansen, 2011) . Active great tits-called 'faster' explorers throughout-behave more boldly when confronted with risk of predation (Stuber et al., 2013) and respond more aggressively to territorial intrusions than 'slower' (less active) explorers (Moiron, Araya-Ajoy, Mathot, Mouchet, & Dingemanse, 2019) . In line with POLS predictions, faster great tits also produce larger clutches (Araya-Ajoy et al., 2016) and are more willing to shift investment towards current reproduction when given the opportunity .
We aimed to estimate within-individual age dependency of annual reproduction, focussing on four reproductive traits determining annual reproductive success: clutch size, nest success (binary probability to produce any fledglings), and for successful nests, fledgling number and average mass. For each trait, we estimated within-individual age dependency of reproduction as a function of exploratory behaviour. Our repeated measures design enabled estimating relationships between individual-level behaviour and reproductive senescence while avoiding bias caused by within-individual plasticity (Niemelä & Dingemanse, 2018a , 2018b .
| MATERIAL S AND ME THODS

| Field methodology
The study was performed in 12 nest box plots in mixed deciduous forests within a 15 × 20 km 2 area near Munich, Germany (47°58′N, 11°14′E). Each plot consisted of 50 boxes within a regular grid covering ~9 ha. For 7 years (2010-2016), nest boxes were inspected (bi)weekly (April-July) to record lay date (back-calculated assuming one egg laid per day) and clutch size. Shortly before expected hatching, boxes were inspected daily to determine hatch date (day 0). At day 7, each parent was captured with a spring trap inside the box, marked with an aluminium ring and a unique colour ring combination (if not banded previously), and assayed for their activity in a cage (Stuber et al., 2013) . This assay represents a version of the classic 'novel environment test' Verbeek, Drent, & Wiepkema, 1994) modified for field research (Kluen & Brommer, 2013; Stuber et al., 2013) . Briefly, the subject's behaviour was recorded for 2 min with a camera placed 1.5 m in front of the cage (detailed in Stuber et al., 2013) . The total number of hops among cage locations was used as a proxy for exploratory behaviour ( Mathot, Nicolaus, Araya-Ajoy, Stuber et al., 2013) ; the exploration test in the cage was not conducted at this time.
| Statistical analyses
We first produced a base model estimating population-average within-individual age effects, and the population-average age of peak performance, for key determinants of reproductive success (n = 1,209) of 'first clutches' (clutches initiated within 30 days after the first clutch of the year was found; van Noordwijk, McCleery, & Perrins, 1995) . We focused on clutch size, average offspring body mass at day 14 and number of offspring fledged. Visual inspection of raw data and residuals of models (detailed below) showed that traits were sufficiently normally distributed; however, for fledgling number this was only so when excluding first broods failing completely (n = 315 of 1,209 nests; 26%) (Appendix S1). We therefore studied variation in fledgling number by analysing, first, the binary probability to fledge any offspring (n = 1,209 nests), and, second, for successful nests, fledgling number (n = 894 nests). We chose this approach to reduce the number of distributional assumptions, and analytical complexity, associated with alternative (e.g. zero-inflated Poisson) models. Analyses of the binary probability to fledge any offspring implied that total nest failure occurred randomly with respect to key predictors; this was also the case for expanded models (detailed below) where effects of exploratory behaviour were never strongly supported (Appendix S2, Table S2 ). The subset of nests producing fledglings (n = 894 of 1,209 nests; 74%) thus appeared to represent an unbiased sample; total nest failure is therefore not discussed further. Integrative measures of reproductive fitness, such as the number of offspring recruiting as breeders into the population (Bouwhuis, Sheldon, Verhulst, & Charmantier, 2009 ), could not be used because our study setup (small nest box plots within larger patches of suitable habitat) resulted in little local recruitment . As a second step, we constructed an expanded model to determine whether an individual's average level of exploratory behaviour (defined below) predicted its age-dependent reproductive profile. Our previous studies showed that reproductive parameters (like clutch size) are repeatable with respect to female but not male identity (Araya-Ajoy et al., 2016). As our primary interest was in analysing effects of repeatable (i.e. among-individual) differences of exploratory behaviour, we thus focussed on female breeders throughout.
| Defining age categories
We defined age in years since birth, with age = 0 representing the year of birth; great tits breed earliest as 1-year-olds (age = 1).
Absolute age was known for any breeder ringed as nestling in our populations ('local recruit'; n = 77 of 813 birds, 9%). The majority of these local recruits bred as 1-year-olds (n = 69 of 77 local recruits, 90%). Absolute age could also be determined for unringed birds identified, based on plumage characteristics, as 1-year-olds (n = 529 of 736 immigrant recruits, 72%). Absolute age could not be determined for immigrants first captured with an adult plumage (implying they were 2-year-olds or older, age ≥ 2; n = 207 of 736 immigrant recruits, 28%). Following Bouwhuis et al. (2009) , this latter category of immigrants was assumed to have recruited as 2-year-olds. Local recruits not recruiting as 1-year-olds (n = 8), all recruited as 2-yearolds, validating this assumption. Following Bouwhuis et al. (2009) , statistical analyses fitted linear and quadratic age to simultaneously model pre-peak improvements and post-peak declines in reproduction. All analyses also fitted 'first observed age' and 'last observed age' of reproduction to control, respectively, for selective appearance and disappearance from the dataset of birds differing in average annual reproductive performance; this avoids biases in estimates of within-individual age effects (van de Pol & Verhulst, 2006) . First observed age of reproduction, determined using breeding season and roosting captures (see above), was 1 (n = 598 females; 74%), 2 (n = 190; 24%), 3 (n = 13; 2%), 4 (n = 3; <1%) or 5 (n = 1; <1%). Fewer than 2% of all females (n = 17 of 813 individuals) were (older than) 3 years old at first observed age of reproduction; we therefore pragmatically fitted first observed age as a two-level factor in our analyses (recruited as 1 year old vs. older). Notably, no bird recruiting as a 3 years old or older had breeding records (e.g. second or replacement clutches) from previous years. Rather, those were immigrants previously ringed in our study area (e.g. in winter; see above), that had likely bred previously in natural cavities, whether adjacent to our study area (Drent, 1984) or elsewhere (Harvey, Greenwood, & Perrins, 1979) . Last observed age of reproduction was 1 (n = 414 females; 51%), 2 (n = 237; 29%), 3 (n = 101; 12%), 4 (n = 44; 5%), 5 (n = 12; 1%), 6 (n = 4; <1%) or 7 (n = 1, <1%). Controlling for differences in last observed age effects between birds with complete life histories (defined as birds not observed for two consecutive years following their last observed productive event; Bouwhuis et al., 2009 ) versus incomplete life histories (all other birds) did not bias parameters of key interest (Appendix S3
| Modelling age effects
and Table S3a ). The same was true when controlling for female body mass (Table S3b ). We therefore ignored these variables in analyses reported in the main text.
| Base models
Age effects were modelled by fitting (for each trait separately) a univariate mixed-effect model, where a statistical intercept (β 0 ), age (β 1 ), age squared (β 2 ), first observed age (β 3 ) and last observed age (β 4 ) were included as fixed effects (age variables as covariates except for first observed age, see above). Age was fitted as age-1 to ensure that intercepts of our models represented the reproductive performance for the earliest age of first reproduction. Random intercepts were included for individual, plot, year and plot-year identity (unique combination of plot and year); for sample sizes, see Table 1 . The latter three random effects controlled, respectively, for unmeasured spatial, temporal and spatiotemporal environmental effects (Araya-Ajoy & Araya-Ajoy et al., 2016) . We further controlled for brood size manipulations conducted in 2010 and 2011 (detailed in Appendix S4). Previous analyses showed that slower explorers had highest reproductive success when given experimental brood sizes equal to their natural choice, while faster explorers had highest reproductive success when given increased brood sizes . Neither reproductive traits (e.g. clutch size, fledgling number) nor exploratory behaviour were affected by perceived predation levels (manipulated in 2013 and 2014; see Table S1 in Abbey-Lee & . Exploratory behaviour also did not vary with observer identity (Moiron et al., 2019) . We therefore did not consider these factors further. Models assumed a binomial (probability to produce any fledglings) or Gaussian error distribution (all other traits).
For any reproductive trait with statistical evidence (defined below) for quadratic within-individual age effects, we also estimated (a) the age of peak reproduction as −β 1 /2β 2 , and (b) the associated reproductive performance at this age ('peak performance') Bronshtein, Semendyayev, Musiol, & Mühlig, 2015) ; the uncertainty associated with these derived parameters was calculated by taking forward the posterior distribution of each fixedeffect parameter. Importantly, quadratic age effects can occur due to pre-peak age-dependent improvements and/or post-peak age-dependent declines (senescence). A priori planned post hoc analyses were performed for any reproductive trait exhibiting quadratic effects to estimate pre-and post-peak age effects (Bouwhuis et al., 2009; Keller, Reid, & Arcese, 2008; Reid, Bignal, Bignal, McCracken, & Monaghan, 2003) . This was achieved by replacing the quadratic effect of age from the base model for two new fixed effects: (a) a binary variable 'pre-peak' (coded '0' for post-peak ages and '1' for pre-peak ages) and (b) the interaction between linear age and prepeak. The main effect of age in this post hoc model represents the post-peak age effect while the interaction estimates the pre-peak age effect as a deviation from the post-peak age effect; the sum of the two represents the pre-peak age effect.
Models fitting parabolic age effects enable the calculation of reproductive peaks, but also force symmetrical pre-versus post-peak effects. If pre-and post-peak effects are not symmetrical, estimates of reproductive peaks may become biased. Fortunately, for the two traits showing nonlinear age effects (clutch size and fledging number in non-failed broods), pre-versus post-peak effects of age (which our post hoc model, detailed above, estimated independently) were relatively symmetrical (see Results and Table 1 ). Moreover, a version of Table 1 including the third-order effect of age showed that this effect was supported neither for clutch size (mean ± 95% credible interval (CI): 0.00, −0.03 to 0.02) nor for fledging number (0.03, −0.02 to 0.09). This implies that parabolic models seemed appropriate. We further tested whether the single age category with <5 data points (age = 7; see Results) biased our estimates (see Nussey, Kruuk, Donald, Fowlie, & Clutton-Brock, 2006 for a similar approach). We thus re-ran our main analyses (Table 1) after combining ages 6 and 7, which did not change our estimates (Appendix S5 and Table S5 ).
TA B L E 1 Sources of variation in clutch size, number and average mass of fledglings (for nests producing any fledglings), and exploratory behaviour year of life (i.e. 1-year-olds) were given age equal to zero such that the intercept value was for this category of bird. BSM stands for brood size manipulations performed in 2010 and 2011. Individual, plot year, plot and year were fitted as random effects; variance attributable to each effect is printed both as an absolute value (σ 2 ) and as a proportion of the variance not attributable to random effects (adjusted repeatability, r) with 95% credible intervals (CIs). For traits exhibiting nonlinear age effects, we further provide the estimated (i) trait value and (ii) age at peak performance, as well as the effect of age (iii) pre-and (iv) post-peak. a Estimate is for 1-year-old birds (reference group; age−1 = 0); for all traits except clutch size, brood size manipulation category was fitted as an additional fixed-effect factor with 'not manipulated' set as the reference category (see Appendix S4). The statistical intercept is therefore for 1-year-old birds that were not manipulated.
b Calculated as 0 − 2 1 ∕4 2 , where β 0 = the statistical intercept, β 1 = age−1 (linear term), β 2 = age−1 (quadratic term); not calculated for traits failing to exhibit significant quadratic age effects ('NA'). c Calculated as −β 1 /2β 2 , where β 1 = age-1 (linear term), β 2 = age−1 (quadratic term); we added the value one (i.e. to back-transform age), such that age = 0 again reflected the age of birth; not calculated for traits failing to exhibit significant quadratic age effects ('NA'). d Effect of linear age before peak performance (post hoc analysis; detailed in the Methods). e Effect of linear age after peak performance (post hoc analysis; detailed in the Methods).
| Expanded models: estimating effects of individual-level exploratory behaviour
We expanded our base models to test whether within-individual age effects on reproduction varied with an individual's average value for exploratory behaviour (defined below). We did so by first estimating sources of variation in exploratory behaviour by fitting a univariate mixed-effects model with a fixed and random effects structure as detailed above (Table 1) 
| Model implementation
Statistical analyses were carried out using the packages 'lme4' and 'arm' in R-v3.3.2 (R Development Core Team, 2017). Model fit was assessed by visual inspection of the residuals (see Appendix S1).
Based on 5,000 simulations, we extracted the 95% CIs (Gelman & Hill, 2007) , representing the uncertainty around our estimates.
Assessment of statistical support was thus obtained from the posterior distribution of each parameter, simulated using the sim function. We considered an effect 'strongly supported' if zero was not included within the 95% CI, and 'moderately supported' if the point estimate was skewed away from zero while its 95% CI simultaneously overlapped zero. Estimates centred on zero were viewed as strong support for the absence of an effect.
| RE SULTS
We acquired reproductive data for 599 (age = 1; 49.5% of all broods), 379 (age = 2; 31.3%), 151 (age = 3; 12.5%), 58 (age = 4; 4.8%), 16 (age = 5;
1.3%), 5 (age = 6; 0.4%) and 1 (age = 7; 0.1%) annual first clutches. For 95% (1,154 of 1,209), we assayed female exploratory behaviour, which we subsequently used to calculate a single average value (see Methods) for each individual over all its assays; average exploratory behaviour was therefore available for 98% (1,187) of all clutches. Figure 1a ); nonlinear age effects were not supported (quadratic age effect; Table 1 ). A first observed age effect was strongly supported (Table 1) . Specifically, females first breeding when 2 years old or older (age ≥ 2) were behaving faster than birds recruiting as 1-year-olds (Figure 1a ). Females were moderately repeatable in behaviour across years: adjusted individual cross-year repeatability (r) was 0.32 (Table 1) . Plot, year and plot-year identity explained little variation if any at all (Table 1) .
| Exploratory behaviour
| Clutch size
Clutch size varied within the average female as a function of linear and quadratic age (Table 1; Figure 1b ). Clutch size was highest for 3-year-olds (age at peak: 3.4; Table 1 ). Before the age of peak performance, clutch size increased with 0.20 eggs per year of age (pre-peak age effect). Afterwards, clutch size decreased with 0.24
eggs per year (post-peak age effect); this decrease was moderately supported (Table 1) . Clutch size thus showed age-dependent improvements that diminished with age, likely followed by a post-peak decline due to reproductive senescence.
Female exploratory behaviour predicted how clutch size varied with age. The main effect of exploratory behaviour centred on zero (Table 2) ; because we left-centred age (see Methods), this implied that exploratory behaviour did not affect clutch size among 1-yearolds. Instead, exploratory behaviour affected subsequent changes with age: exploratory behaviour interacted with both linear (moderate support) and quadratic (strong support) age ( Table 2) . Plots of parameter estimates for linear ( Figure 2a ) and quadratic (Figure 2b) age effects as a function of exploratory behaviour visualized the statistical nature of these interactions. These plots implied that the slowest half of females (values < 0) did not change clutch size with age: their parameter estimates for linear ( Figure 2a ) and quadratic ( Figure 2b ) age centred on zero. Consequently, the 50% slowest explorers produced moderate-sized clutches throughout their reproductive lives (Figure 3a , raw data controlling for random effects; Figure 3c , model predictions). By contrast, there was strong support for the fastest half (values ≥ 0) to exhibit age-dependent clutch sizes: credible intervals for this group did not overlap zero for either linear (Figure 2a ) or quadratic (Figure 2b ) age effects. These 50% fastest explorers improved clutch size with age in a diminishing fashion, possibly followed by an age-dependent decline (i.e. reproductive senescence) when old (Figure 3b , raw data controlling for random effects; Figure 3d, model predictions) . We came to the same conclusion when we re-ran our models with the same random and fixed-effect structure as printed in Table 1 but (Figure 3d) .
Importantly, the distribution of ages differed between the 50% slowest versus fastest explorers. The slowest explorers only had reproductive data for 1-to 5-year-olds (ages 1-5: n = 293, 187, 73, 28, 8 first clutches), the fastest explorers instead for 1-to 7-year-olds (ages 1-7: n = 295, 182, 77, 30, 8, 5, 1) . A follow-up analysis using only ages where both had data (i.e. excluding n = 6 data points of age > 5) resulted in the same level of support for interactive effects between exploratory behaviour and linear and quadratic age (Table S7 ). Thus, TA B L E 2 Effects of individual exploratory behaviour on within-individual age dependency of reproductive traits: clutch size, and number and average mass of fledglings (for nests producing any fledglings) Note: Fixed and random parameters are detailed in Table 1 . We print here our expanded models that include an individual's estimated average exploratory behaviour ('Exploration', representing the individual's best linear unbiased predictor derived from the analysis printed in Table 1) , and its interactions with all age variables, as additional fixed effects.
our finding of personality-related age dependency of clutch size was not an artefact caused by lack of data for older slow explorers.
Note that those post hoc analyses of discrete groups (slower vs.
faster explorers) enabled us to interpret, and verbally present, complex interaction terms between continuous predictors (age and exploratory behaviour), and should not be taken as evidence for the existence of two discrete forms of age-dependent clutch sizes within the population.
| Annual fledgling number and average mass
Annual fledgling number (in non-failing broods) varied within individuals with both linear and quadratic age (Table 1; Figure 1b ). Peak performance occurred when birds were between 2 and 3 years old (Table 1 ). Before the age of peak performance, fledgling number increased with 0.36
offspring per year of age (pre-peak age effects; Table 1 ). Afterwards, it decreased with 0.51 offspring per year of age (post-peak age effects; Table 1 ). Annual fledging number showed age-dependent improvements with increased breeding experience (pre-peak age effect), followed by an age-dependent decline due to reproductive senescence (post-peak age effect) that was strongly supported.
Point estimates for interactions between linear (or quadratic) age and exploratory behaviour suggested that the same pattern of personality-related age-dependent reproduction described above for clutch size also characterized fledging number (Table 2) . For fledgling number, however, the support was moderate at best owing to skewed 95% CIs (particularly for exploratory behaviour × quadratic age) that nevertheless included zero.
Average fledging mass did not vary with linear or quadratic age (Table 1 ; Figure 1d ), neither did those effects vary as a function of female exploratory behaviour (Table 2 ).
| Selective (dis)appearance
We detected no evidence for selective (dis)appearance effects: first and last observed age of reproduction effects were not supported (Table 1) .
F I G U R E 1 Box plots per age class for (a) exploratory behaviour, (b) clutch size, (c) number of fledglings (for non-failed nests) and (d) average fledgling mass. Plotted are residuals from a model controlling solely for random effects listed in Table 1 . Separate box plots for birds with first observed age equal to one year old versus older
Our expanded analyses showed that first observed age effects were not supported for birds of average exploratory behaviour (main effect of first observed age; Table 2 ), echoing results of our main analyses (Table 1) . However, there was strong support for a first observed age effect to decrease with increasing exploratory behaviour (interaction first observed age × exploratory behaviour; Table 2 ). Inspection of the raw data suggested this interaction resulted from faster-but not slower-explorers exhibiting decreased clutch sizes when they were older than first-year-olds at first observed breeding (Figure 3a,b ).
| D ISCUSS I ON
Optimal behavioural phenotypes should vary with how life-history trade-offs are resolved (Réale et al., 2010; Ricklefs & Wikelski, 2002; Wolf et al., 2007) . Adaptive theory predicts that aggressive, bold or explorative individuals trade-off future for current reproduction, leading to a faster pace-of-life Mathot & Frankenhuis, 2018; Réale et al., 2010) . Previous tests utilizing life span as a proxy for allocation to future reproduction failed to overall support pace-of-life syndrome (POLS) theory (meta-analyses: Royaute et al., 2018; Tarka, Guenther, Niemelä, Nakagawa, & Noble, 2018) . We identified here within-in- Figure 3a,c) , though we note that data for old age classes were not available for slower explorers. By contrast, over the same range of age classes as observed for slower explorers (1-to 4-year-olds), faster explorers instead showed age-related improvements that diminished with age (Figure 3b,d trade-offs between current and future reproduction are resolved.
First-year-olds produced moderate-sized clutches regardless of exploration type. Faster explorers subsequently showed agerelated increases in clutch size that lasted until they were 3-yearolds ( Figure 3b ). We therefore need to be somewhat cautious in interpreting publications failing to recover patterns of reduced longevity among faster explorers from empirical data.
| Selective (dis)appearance and variation in experience
In this paper, we estimated within-individual patterns of age-dependent reproduction while controlling for potential biases resulting from within-individual behavioural plasticity and selective (dis)appearance of high-versus low-quality individuals. Females were moderately repeatable in reproductive traits; individuals of superior 'quality' (defined statistically as females with high intercepts for reproductive F I G U R E 3 Personality-related age dependency of clutch size. We show box plots per age class for the 50% (a) slowest versus (b) fastest explorers; we plot residuals from a model controlling for random effects listed in Table 1 , with separate box plots for first observed age equal to one year old versus older. We also plotted the average pattern of within-individual age dependency of clutch size within the (c) 50% slowest versus (d) fastest explorers; the black line represents the point estimate with 95% credible intervals (CIs; blue shaded area) derived from the analysis printed in Table 2 traits) might thus, for example, have recruited into the breeding population younger ('selective appearance'; first observed age effect), and/ or disappeared when older ('selective disappearance'; last observed age effect) (Bouwhuis et al., 2009) . For a conceptual illustration of the idea, see Figure 1 in van de Pol and Verhulst (2006) .
A first observed age effect explained variation in exploratory behaviour (Table 1 ; Figure 1a ). Specifically, females first breeding as 1-year-olds were slower than females first breeding at older ages ( Figure 1a ). We offer two potential explanations. First, faster (vs. slower) explorers might recruit into the breeding population at an older age (selective appearance); this might explain why 'late' recruits produced, on average, 5.53 more hops (Table 1) Indeed, the effect of first observed age was not supported when this differential experience was statistically accounted for (Appendix S8).
Along the same lines, our analyses strongly supported an interactive effect of first observed age and exploratory behaviour on clutch size.
This pattern did not imply personality-related selective appearance in the breeding population. Briefly, we observed age-related increases in clutch size solely for faster explorers (Figure 3b,d) . A negative interaction between first observed age and exploratory behaviour on clutch size should thus emerge if such effects were attributable to breeding experience rather than age per se: 'late' recruiting faster explorers should lack breeding experience and thus produce smaller clutches.
The interactive effect of first observed age and exploratory behaviour on clutch size thus does not constitute sound evidence for personalityrelated selective appearance; rather, it was expected because breeding experience (i.e. plasticity) affects reproductive performance.
In summary, while we did not find convincing evidence for selective (dis)appearance, we did learn that controlling for first observed age of reproduction provided a means to statistically control for individual differences in age-related experience. For example, it enabled us to conclude that the smaller clutch sizes produced by faster explorers recruiting at an older age were expected based on increases in clutch size with breeding experience.
Moreover, exploratory behaviour varied with age and/or experience within individuals, implying that our concerns regarding effects of within-individual plasticity biasing estimates of personality-related age-dependent reproduction (see Introduction)
were valid. Future studies should thus carefully consider multiple alternative explanations when interpreting age-related patterns in reproduction.
| CON CLUS IONS
We demonstrated for a natural bird population that slower and faster explorers produced moderate-sized clutch sizes when young, after which faster explorers increased nonlinearly, peaked and likely decreased their clutch sizes while ageing, while slower explorers pro- 
